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[TYPE OF THE DOCUMENT] Specification 

[TITLE OF THE INVENTION] Golf Club and Method of Designing 
Hollow Golf Club Head 
[CLAIMS] 

[Claim 1] 

A golf club comprising a hollow golf club head which 
has a face portion for striking a golf ball, a crown 
portion connected to the face portion, and a sole portion 
connected to the face portion, wherein: 

a first region whose surface area constitutes 5% or 
more of a total surface area of the crown portion is formed 
by a first outer shell member in a region of the crown 
portion which is located along a connecting edge of the 
crown portion connecting to the face portion and within a 
distance of 50 mm from the connecting edge, and a second 
region whose surface area constitutes 5% or more of the 
total surface area of the sole portion is formed by a 
second outer shell member in a region of the sole portion 
which is located along a connecting edge of the sole 
portion connecting to the face portion and within a 
distance of 50 mm from the connecting edge of the sole 
portion; and 

when a product of an elastic modulus of the first 
outer shell member and a thickness of the first outer shell 
member in the first region is taken as a first equivalent 
rigidity and a product of an elastic modulus of the second 
outer shell member and a thickness of the second outer 
shell member in the second region is taken as a second 
equivalent rigidity, a ratio of either lower of the first 
equivalent rigidity and the second equivalent rigidity to 
the higher is equal to or less than 0.75. 

[Claim 2] 

The golf club according to claim 1, wherein either or 
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both of said first and second outer shell members are 
composed of a composite material in which a fiber 
reinforced plastic material is laminated. 
[Claim 3] 

A method of designing a hollow golf club head which 
has a face portion for striking a golf ball, a crown 
portion connected to the face portion, and a sole portion 
connected to the face portion, wherein: 

a first region whose surface area constitutes 5% or 
more of the total surface area of the crown portion is 
formed by a first outer shell member in a region of the 
crown portion which is located along a connecting edge of 
the crown portion connecting to the face portion and within 
a distance of 50 mm from the connecting edge; a second 
region whose surface area constitutes 5% or more of the 
total surface area of the sole portion is formed by a 
second outer shell member in a region of the sole portion 
which is located along a connecting edge of the sole 
portion connecting to the face portion and within a 
distance of 50 mm from the connecting edge of the sole 
portion; a product of an elastic modulus of the first outer 
shell member and a thickness of the first outer shell 
member in the first region is taken as a first equivalent 
rigidity; and a product of an elastic modulus of the second 
outer shell member and a thickness of the second outer 
shell member in the second region is taken as a second 
equivalent rigidity, the method comprising the steps of: 

holding in advance the characteristic data that 
expresses changes in initial ballistic characteristics of a 
golf ball caused when either of the first and second 
equivalent rigidities is changed while the other is kept 
constant ; 

using the held characteristic data to set a ratio 
2 
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between the first equivalent rigidity and the second 
equivalent rigidity in accordance with the initial 
ballistic characteristics of the golf ball struck by a 
golfer; and 

employing two members that conform to the set ratio as 
the first and second outer shell members. 
[Claim 4] 

The method of designing a hollow golf club head 
according to claim 3, wherein: 

said characteristic data is prepared for each of 
plural head speeds at which golfers strike golf balls; and 

said ratio is set according to a head speed. 
[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 

[Technical Field of the Invention] 

The present invention relates to a method of designing 
a hollow golf club head which has a face portion for 
striking a golf ball, a crown portion connected to the face 
portion, and a sole portion connected to the face portion. 
The present invention also relates to a golf club provided 
with such a golf club head. 

[0002] 
[Prior Art] 

Through the improvement and development of golf club 
head structures and materials, golf club makers at present 
are proposing various types of golf clubs with which even 
weaker golfers are capable of hitting a golf ball a long 
distance . 

The initial ballistic characteristics of a golf ball 
have been adjusted in some ways. For example, the launch 
angle of a struck golf ball has been increased by changing 
the loft angle of a hollow golf club head or the initial 
velocity of a golf ball has been increased by reducing the 
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thickness of a golf ball-striking surface to improve the 
restitution characteristics with respect to a golf ball. 
[0003] 

In PATENT DOCUMENT 1 below, a hollow golf club head is 
disclosed in which a golf ball-striking surface has a thin 
portion formed along its circumferential edge. Owing to 
such configuration, elastic deformation of the striking 
surface is promoted during striking of a golf ball so that 
the surface has an increased coefficient of restitution 
with respect to the golf ball. Thus, an increase in the 
carry of a golf ball is achieved. 

Further, with a golf club having a golf club head of 
which the loft angle is made larger within a predetermined 
range, the launch angle of a golf ball increases and an 
increase in the carry is thus achieved. 

[0004] 

[PATENT DOCUMENT 1] 
JP 10-155943 A 
[0005] 

[Problems to be Solved by the Invention] 

In addition to an increase in the launch angle, the 
number of revolutions (backspin rate) of a golf ball 
increases when the loft angle is made larger in a golf club 
having a golf club head of which the loft angle is changed. 
When the' loft angle is made smaller, the launch angle 
becomes smaller and the backspin rate of a golf ball also 
decreases . 

Therefore, there is a problem in that, even if a golf 
club head having a larger loft angle is used in order to 
increase the carry, the carry does not increase very much 
because the backspin rate increases at the same time. In 
other words, since it is a characteristic of the loft angle 
that its increase or decrease results in an increase or 
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decrease in the backspin rate and the launch angle alike, 
the launch angle cannot be increased while the backspin 
rate is decreased, or again, the launch angle cannot be 
decreased while the backspin rate is increased. That is, 
there is a problem in that the backspin rate and the launch 
angle cannot be changed independently of each other. 
[0006] 

Furthermore, even if the characteristics of the loft 
angle are utilized with the intention of providing the 
optimal golf club for a golfer, a golf club with an 
inappropriate loft angle may sometimes be provided because 
there exists no guideline for the selection of an 
appropriate golf club on which every golfer having his or 
her own golf swing should depend. In such cases, the carry 
of a golf ball may decrease instead of increasing. 

[0007] 

In the case where the striking surface of a golf club 
head is made thinner, on the other hand, the initial 
velocity of a golf ball can be increased and the carry can 
be made longer. However, the mechanical strength of the 
striking surface decreases as a result of the partial 
reduction in thickness of the surface, thus leading to a 
problem with durability. 

[0008] 

In order to solve the problems described above, the 
present invention has an object of providing a golf club 
which has a hollow golf club head capable of increasing the 
carry of a golf ball based on a technique other than 
conventional ones such as adjustment of the loft angle and 
reduction in the thickness of the striking surface. 
Another object of the present invention is to provide a 
method of designing such a hollow golf club head. 
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[0009] 

[Means to Solve the Problems] 

The above objects are achieved by the present 
invention providing a golf club comprising a hollow golf 
club head which has a face portion for striking a golf 
ball, a crown portion connected to the face portion, and a 
sole portion connected to the face portion, wherein: a 
first region whose surface area constitutes 5% or more of a 
total surface area of the crown portion is formed by a 
first outer shell member in a region of the crown portion 
which is located along a connecting edge of the crown 
portion connecting to the face portion and within a 
distance of 50 mm from the connecting edge, and a second 
region whose surface area constitutes 5% or more of the 
total surface area of the sole portion is formed by a 
second outer shell member in a region of the sole portion 
which is located along a connecting edge of the sole 
portion connecting to the face portion and within a 
distance of 50 mm from the connecting edge of the sole 
portion; and when a product of an elastic modulus of the 
first outer shell member and a thickness of the first outer 
shell member in the first region is taken as a first 
equivalent rigidity and a product of an elastic modulus of 
the second outer shell member and a thickness of the second 
outer shell member in the second region is taken as a 
second equivalent rigidity, a ratio of either lower of the 
first equivalent rigidity and the second equivalent 
rigidity to the higher is equal to or less than 0.75. 

In other words, it is a feature of the present 
invention that the first and second regions which allow the 
ratio as above to be equal to or less than 0.75 exist in 
specified regions of the crown portion and the sole portion 
of the golf club head, respectively, each of the specified 
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regions being located within 50 mm of the connecting edge 
of the relevant portion to the face portion, and the first 
and second regions each have a surface area constituting 5% 
or more of the total surface area of the relevant portion. 
[0010] 

Preferably, either or both of the first and second 
outer shell members are composed of a composite material in 
which a fiber reinforced plastic material is laminated. 
Further, the above ratio is preferably equal to or less 
than 0.5. 

It is preferable that the surface area of the first 
region constitutes 10% or more of the total surface area of 
the crown portion and the surface area of the second region 
constitutes 10% or more of the total surface area of the 
sole portion. It is also preferable that the first region 
exists in a region of the crown portion which is located 
along the connecting edge to the face portion and within 40 
mm of the connecting edge and the second region exists in a 
region of the sole portion which is located along the 
connecting edge to the face portion and within 40 mm of the 
connecting edge. 

[0011] 

The present invention also provides a method of 
designing a hollow golf club head which has a face portion 
for striking a golf ball, a crown portion connected to the 
face portion, and a sole portion connected to the face 
portion, wherein: a first region whose surface area 
constitutes 5% or more of a total surface area of the crown 
portion is formed by a first outer shell member in a region 
of the crown portion which is located along a connecting 
edge of the crown portion connecting to the face portion 
and within a distance of 50 mm from the connecting edge; a 
second region whose surface area constitutes 5% or more of 
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a total surface area of the sole portion is formed by a 
second outer shell member in a region of the sole portion 
which is located along a connecting edge of the sole 
portion connecting to the face portion and within a 
distance of 50 mm from the connecting edge of the sole 
portion; a product of an elastic modulus of the first outer 
shell member and a thickness of the first outer shell 
member in the first region is taken as a first equivalent 
rigidity; and a product of an elastic modulus of the second 
outer shell member and the thickness of the second outer 
shell member in the second region is taken as a second 
equivalent rigidity, the method comprising the steps of: 
holding in advance the characteristic data that expresses 
changes in initial ballistic characteristics of a golf ball 
caused when either of the first and second equivalent 
rigidities is changed while the other is kept constant; 
using the held characteristic data to set a ratio between 
the first equivalent rigidity and the second equivalent 
rigidity in accordance with the initial ballistic 
characteristics of the golf ball struck by a golfer; and 
employing two members which conform to the set ratio as the 
first and second outer shell members. 
[0012] 

The characteristic data is prepared for each of plural 
head speeds at which golfers strike golf balls and the 
above ratio can be set according to a head speed. 
Alternatively, the characteristic data is prepared for each 
of loft angles and the above ratio can be set according to 
a loft angle. 

[0013] 

[Embodiment of the Invention] 

The golf club of the present invention, and the method 
of designing a hollow golf club head of the present 
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invention, are described in detail below based on preferred 
embodiments shown in the accompanying drawings. 
[0014] 

Fig. 1 is an exploded perspective view schematically 
showing a golf club as an embodiment of the golf club of 
the present invention. 

A golf club 10 shown in Fig. 1 is structured so that 
it has a golf club shaft 12 provided, with a grip portion at. 
one end, and a hollow golf club head (hereinafter referred 
to simply as golf club head) 14 connected to the other end 
of the golf club shaft 12. 

The golf club shaft 12 is inserted into a neck member 
16 and bonded in place, thus being integrated with the golf 
club head 14. 
[0015] 

The golf club head 14 has a face portion that strikes 
a golf ball, a crown portion that is connected to the face 
portion, and a sole portion that is connected to the face 
portion, and is provided with a crown member 18 that forms 
the major part of the crown portion, a side member 20 that 
mainly forms the side portion, a sole member 22 that forms 
the sole portion, and a face member 24- that forms the face 
portion and has a golf ball-striking surface, each as an 
outer shell member. 

The side member 20, the sole member 22, and the face 
member 24 are integrated with one another in advance by 
welding, by using an adhesive, or the like. The side 
member 20 has an edge which is bent to the crown portion 
side to provide an extension portion 26 extending in the 
crown portion to form a part thereof. The face portion 24 
has an edge which is bent to the crown portion side to 
provide an extension portion 28 extending in the crown 
portion to form a part thereof. That is, the side member 



Japanese Patent Application No. 2002-355821 



20, the sole member 22, and the face member 24 are 
previously integrated with one another into the state as 
shown in Fig. 1, and then the crown member 18 is joined to 
the extension portions 26 and 28, the golf club head 14 
being thus constructed. 

Various types of alloy materials may be used for the 
side member 20, the face member 24, and the sole member 22, 
such as a titanium alloy, an aluminum alloy, or a stainless 
steel alloy. For the sole member 22, a composite material 
structured by laminating a fiber reinforced plastic 
material in a plurality of layers as will be described 
later and other materials may also be used. 
[0016] 

The crown member 18 is structured by a composite 
material in which a plurality of layers of a carbon fiber 
reinforced plastic material having different orientation 
angles are laminated together. An epoxy resin, an 
unsaturated polyester resin, a vinyl ester resin, or the 
like may be used as a matrix. It should be noted that 
reinforcing fibers other than carbon fibers, such as glass 
fibers and aramid fibers, may also be used in the present 
invention . 

The crown member 18 forms a region whose surface area 
constitutes 5% or more of the total surface area of the 
crown portion (hereafter referred to as the first region) 
in an area of the crown portion which is located along the 
connecting edge of the crown portion connecting to the face 
portion and within a distance of 50 mm from the connecting 
edge . 

Thus, When an equivalent crown rigidity is defined as 
the product of the elastic modulus (Young's modulus) of the 
crown member 18 and the thickness of the crown member 18 
and an equivalent sole rigidity is defined as the product 
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of the elastic modulus of the sole member 22 and the 
thickness of the sole member 22, the ratio of the 
equivalent crown rigidity to the equivalent sole rigidity 
is equal to or less than 0.5 in the embodiment as shown. 
The elastic modulus is the elastic modulus whose values are 
obtained in the direction in which the line of intersection 
of the crown portion and a plane which is perpendicular to 
the striking surface of the face portion lies. 

In order for the initial ballistic characteristics of 
a golf ball to change effectively, as will be described 
later, the ratio may be. set to 0.75 or less. 

[0017] 

By setting the ratio as described above to 0.75 or 
less, the backspin rate of the golf ball struck with the 
striking surface is reduced and the launch angle of the 
ball is increased. 

Figs. 2(a) and (b) are explanatory diagrams for 
explaining, in an easy to understand manner, how a golf 
ball is struck with the golf club 10. 

As shown in Fig. 2(a), when a golf ball B is struck, 
an impact force of the golf ball acts on the striking 
surface of the face member 24, and the impact force is 
transmitted to the crown portion and the sole portion. 
Now, directing attention to shear deformations of the crown 
portion and the sole portion that are generated due to the 
impact force, the equivalent crown rigidity is half as high 
as the equivalent sole rigidity, and the shear deformation 
of the crown portion therefore becomes larger than the 
shear deformation of the sole portion. The striking 
surface of the face member 24 therefore deforms slightly in 
such a direction as realizing a larger loft. This 
deformation of the striking surface when impacted by the 
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golf ball affects the backspin rate and the launch angle of 
the golf ball. 
[0018] 

Figs. 3(a) to (c) show changes in the backspin rate 
for cases where the equivalent crown rigidity is changed 
while keeping the equivalent sole rigidity {113 (GPa-mm) ) 
fixed, for head speeds of 34 m/s, 40 m/s, and 46 m/s. As 
shown in Figs. 3(a) to (c) , although the amount of change 
differs according to the head speed, it can be understood 
that the backspin rate decreases due to the reduction in 
the equivalent crown rigidity in each of the cases. 

[0019] 

On the other hand, Figs. 4(a) to (c) show changes in 
the launch angle for cases where the equivalent crown 
rigidity is changed while keeping the equivalent sole 
rigidity fixed (113 (GPa • mm) ) , for head speeds of 34 m/s, 
40 m/s, and 46 m/s. As shown in Figs. 4(a) to (c), 
although the amount of change differs according to the head 
speed, it can be understood that the launch angle increases 
due to the reduction in the equivalent crown rigidity in 
each of the cases. 
[0020] 

Further, Figs. 5(a) to (c) show changes in the initial 
velocity of a golf ball for cases where the equivalent 
crown rigidity is changed while keeping the equivalent sole 
rigidity fixed (113 (GPa-mm)), for head speeds of 34 m/s, 
40 m/s, and 46 m/s. As shown in Figs. 5(a) to (c), it can 
be understood that, in each of the cases, there exists a 
value of the equivalent crown rigidity at which the initial 
velocity of a golf ball becomes the maximum. 

[0021] 

In order to realize the member whose equivalent crown 
rigidity is as above, it is suitable to employ a composite 
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material comprising a fiber reinforced plastic material. 
The composite material may be so fabricated as to have 7 or 
3 layers and have a>n equivalent rigidity of a value from 
0.37 to 5.63 times as large as the reference value as set 
forth in Table 1 below, for instance. In this respect, the 
reference value is defined as the value of the equivalent 
rigidity of a five layer composite material obtained by 
laminating 4 layers of carbon fiber reinforced plastic 
material, with the orientation angle of them being set 
alternately to +45 degrees and -45 degrees with respect to 
the predetermined reference direction, and piling the 
uppermost layer of carbon fiber reinforced plastic material 
having an orientation angle of 90 degrees onto the laminate 
formed. The reference direction is defined as the 
direction in which the line of intersection of the crown 
portion and the plane perpendicular to the striking surface 
of the face portion lies. 
[0022] 

Referring now to Table 1, the member composed of 3 
laminated layers each having an orientation angle of 0° or 
90°, for instance, is formed such that the layers have 
orientation angles of 90°, 0°, and 90°, from the lowermost 
to the uppermost layers sequentially. The member composed 
of 7 laminated layers each having an orientation angle of 
+60°, -60° or 90° is formed such that the layers have 
orientation angles of +60°, -60°, +60°, -60°, +60°, -60°, and 
90°, from the lowermost to the uppermost layers 
sequentially. 

Graphs shown in Figs. 3(a) to (c), 4(a) to (c), and 
5(a) to (c) can be obtained by manufacturing the golf club 
head 10 by using such a composite material as set forth in 
the table in the crown member 18, and performing golf ball 
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striking tests to measure the initial ballistic 
characteristics of a golf ball. 

[0023] 

[Table 1] 
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[0024] 

In Table 2 below, values of the equivalent rigidity of 
various alloy materials are represented as the ratio to the 
reference value as described before. The equivalent 
rigidity of the alloy materials is generally high as 
compared with that of the laminated composite materials 
comprising a carbon fiber reinforced plastic material as 
described above. 

[0025] 

[Table 2] 



Table 2 



Material 


Thickness 


Equivalent crown 
rigidity value 


Ti-6-4 alloy 


1 mm 


8 .81 


SUS 


1 mm 


15 . 07 


Al alloy 


1 mm 


5.32 


Mg alloy 


1 mm 


3. 37 



[0026] 

In the table, Ti-6-4 alloy is the titanium alloy 
constituted of 6% by weight of Al, 4% by weight of V, and 
Ti as the remainder. SUS is the precipitation-hardened 
stainless steel (stainless steel alloy) constituted of 
0.06% by weight of C, 0.4% by weight of Si, 0.6% by weight 
of Mn, 7.0% by weight of Ni, 17.0% by weight of Cr, 1.2% by 
weight of Al , and Fe as the remainder. 

Al alloy (aluminum alloy) is the alloy constituted of 
5.6% by weight of Zn, 2.5% by weight of Mg, 1.6% by weight 
of Cu, and Al as the remainder. Mg alloy (magnesium alloy) 
is the alloy constituted of 3.5% by weight of Zn, 0.6% by 
weight of Zr, and Mg as the remainder. 

[0027] 
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From these results, it is preferable in order to cause 
the deformation of the striking surface as shown in Fig. 
2 (b) to use an alloy material for the sole member 22 and a 
composite material, in which a carbon reinforced fiber 
plastic material is laminated, for the crown member 18. 

The deformation of the striking surface of the face 
member 24 shown in Fig. 2(b) can be effectively achieved 
with such structure by satisfying certain conditions. 
Specifically, the first region formed by the crown member 
18 exists in the region of the crown portion located along 
the connecting edge of the crown portion connecting to the 
face portion and within 50 mm of the connecting edge and 
whose surface area constitutes 5% or more of the total 
surface area of the crown portion. Similarly, a region 
formed by the sole member 22 exists in the region of the 
sole portion located along the connecting edge of the sole 
portion connecting to the face portion and within 50 mm of 
the connecting edge of the sole portion and whose surface 
area constitutes 5% or more of the total surface area of 
the sole portion (hereafter the region that exists in the 
region of the sole portion within 50 mm of the connecting 
edge and whose surface area constitutes 5% or more of the 
total surface area of the sole portion will be referred to 
as the second region) . 
[0028] 

In other words, the deformation of the striking 
surface of the face member 24 as shown in Fig. 2(b) is 
effectively achieved in the golf club head of the golf club 
according to the present invention. It is a feature of the 
present invention that the first and second regions with 
which the ratio of the equivalent crown rigidity to the 
equivalent sole rigidity stands at 0.75 or less, preferably 
at 0.5 or less, lies in the crown portion and the sole 
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portion, respectively, with the first region in the crown 
portion, as having a surface area constituting 5% or more 
of the total surface area of the crown portion, being in a 
region of the crown portion located within 50 mm of the 
connecting edge of the crown portion connecting to the face 
portion, and the second region in the sole portion, as 
having a surface area constituting 5% or more of the total 
surface area of the sole portion, being in a region of the 
sole portion located within 50 mm of the connecting edge of 
the sole portion connecting to the face portion. There are 
no particular limitations placed on the positions of the 
first and second regions, provided that the regions each 
lies in a region located along the connecting edge of the 
relevant portion connecting to the face portion and within 
50 mm of the connecting edge. It is preferable, however, 
that the first and second regions each lie in a region 
located within 40 mm of the connecting edge to the face 
portion. Further, it is preferable that the first and 
second regions each has a surface area constituting 10% or 
more of the total surface area of the relevant portion. In 
this respect, the first and second regions may each be 
formed by an outer shell member composed of a single alloy 
material or that composed of a laminated composite 
material. There are of course no limitations placed on the 
thickness of the outer shell members in the first and 
second regions, provided that the members allow the ratio 
as referred to above to be 0.75 or less, preferably 0.5 or 
less . 

[0029] 

The total surface area of the crown portion is the 
total surface area of a zone enclosed by the edges of the 
crown portion connecting to the side portion, the face 
portion and the neck member 16, respectively, and such 
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connecting edges can be found out based on the change in 
radius of curvature on the periphery of the crown portion. 
Similarly, the total surface area of the sole portion is 
the total surface area of a zone enclosed by the edges of 
the sole portion connecting to the side portion and the 
face portion, respectively. If the crown portion is 
indefinite due to the painting on the outer surface of a 
golf club head, the golf club head may be decomposed so as 
to inspect joining parts from inside and thereby find out 
the edges of the side portion, the crown portion, and the 
sole portion. 

In the case of the crown portion still being 
indefinite, it is also possible to consider the projected 
area of the golf club head except for the striking surface, 
that is found by looking down on a golf club head 
perpendicularly to the plane on which the golf club head is 
placed such that the striking surface is oriented properly 
in line with its loft angle, as the total surface area of 
the crown portion. 

[0030] 

If the crown member 18 or the sole member 22 has 
certain thickness distribution, the average thickness of 
the member is considered as its thickness. In the golf 
club head of the golf club according to the present 
invention, as described before, the first and second 
regions which allow the ratio of the equivalent crown 
rigidity to the equivalent sole rigidity to be 0.75 or 
less, preferably 0.5 or less, lie in the regions of the 
crown portion and the sole portion, each located within 50 
mm of the connecting edge of the relevant portion 
connecting to the face portion, and they each have a 
surface area constituting 5% or more of the total surface 
area of the relevant portion. It is also the case with the 
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outer shell members in the first and second regions as 
such, so that the average thickness of the outer shell 
member having a thickness distribution, if any, is 
considered as its thickness. 
[0031] 

It should be noted that, although a structure is used 
in the embodiment described above where the ratio of the 
equivalent crown rigidity to the equivalent sole rigidity 
is equal to or less than 0.75, the ratio of the equivalent 
crown rigidity to the equivalent sole rigidity may also be 
set to 4/3 or more, preferably to 2 or more. In that case, 
the initial ballistic characteristics of a golf ball may be 
adjusted on the golf club head side such that the backspin 
rate be increased and the launch angle reduced. 
Specifically, a composite material in which a carbon fiber 
reinforced plastic material is laminated in layers may be 
used for the sole member 22 and any of various alloy 
materials including titanium alloys, aluminum alloys, and 
stainless steel alloys may be used for the crown member 18. 
The sole member 22 composed of a composite material will be 
joined integrally with the bonding surfaces provided on the 
side member 20 and the face member 24 using an adhesive and 
so forth. This type of golf club head readily allows a 
golf ball to follow a trajectory at a lower level so that 
it is most suitable for golfing on a windy day. 

Further, a composite material in which a plurality of 
layers of a fiber reinforced plastic material are laminated 
may be used for both the crown member 18 and the sole 
member 22 at a time. In this respect, there is nothing 
required but that the ratio of either lower of the 
equivalent crown rigidity and the equivalent sole rigidity 
to the higher be equal to or less than 0.75. 

[0032] 
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With the golf club 10, the backspin rate of the struck 
golf ball can be reduced and its launch angle can be 
increased by the deformation of the striking surface when 
impacted as shown in Fig. 2(b) because of the ratio of the 
equivalent crown rigidity to the equivalent sole rigidity 
of the golf club head 14 being equal to or less than 0.75, 
as described above. 

Thus according to the present invention, the backspin 
rate and the launch angle can be adjusted separately from 
each other, whereas these two characteristics should be 
increased or decreased alike when a conventional change in 
the loft angle of a golf club head is performed. 

[0033] 

To be more specific, Fig. 6 is a chart representing 
changes in the carry of a golf ball according to the 
backspin rate and the launch angle, each as an initial 
ballistic characteristic of a golf ball. The chart shows 
the relationship between the backspin rate and the launch 
angle with contours, based on their values bringing about 
the same carry of a golf ball at a fixed head speed (head 
speed of 40 m/sec) . As an example, when a golfer strikes a 
golf ball at a head speed of 40 m/sec, with the initial 
ballistic characteristics of the golf ball being such that 
the backspin rate is equal to 2,800 and the launch angle is 
equal to 12 degrees, the carry of the golf ball is nearly 
236 yards. 

In this case, in order to effectively increase the 
carry, the golfer must shift the backspin rate and the 
launch angle not in direction B but direction A shown in 
Fig. 6, i.e., a direction in which the launch angle 
increases and the backspin rate decreases. Such shift in 
direction A cannot be achieved by conventional adjustments 
of the loft angle because the launch angle and the backspin 
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rate are increased or decreased alike. However, the shift 
in direction A can be achieved by using a structure in 
which the ratio of the equivalent crown rigidity to the 
equivalent sole rigidity is equal to or less than 0.75, 
preferably equal to or less than 0.5, as described above. 
[0034] 

By knowing the initial ballistic characteristics of 
the golf ball struck by a golfer (the initial velocity, 
backspin rate, and launch angle), a direction for the 
increase in the carry of the golf ball can be found out in 
the chart shown in Fig. 6. It is then preferable to set 
the backspin rate and the launch angle so that they may be 
shifted in the direction thus found out and determine the 
type of the materials for the crown member 18 and the sole 
member 22 (type of alloy and type of fiber reinforced 
plastic material) and the member structure (orientation 
angle in a laminated material, for instance) so that they 
may conform to the direction, that is to say, may allow the 
ratio of the equivalent crown rigidity to the equivalent 
sole rigidity to be equal to or less than 0.75. 
[0035] 

To be more specific, the golf club head can be 
designed as follows: Such characteristic data as shown in 
Figs. 3(a) to (c), Figs. 4(a) to (c), or Figs. 5(a) to (c) 
is held in advance, which expresses the initial ballistic 
characteristics of a golf ball by using either or both of 
the equivalent crown rigidity in the first region formed by 
the crown member 18 and the equivalent sole rigidity in the 
second region formed by the sole member 22 as a parameter, 
with the first region being in a region of the crown 
portion which is located along the connecting edge of the 
crown portion connecting to the face portion and within a 
distance of 50 mm from the connecting edge and whose 
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surface area constitutes 5% or more of the total surface 
area of the crown portion, and the second region being in a 
region of the sole portion which is located along the 
connecting edge of the sole portion connecting to the face 
portion and within a distance of 50 mm from the connecting 
edge of the sole portion and whose surface area constitutes 
5% or more of the total surface area of the sole portion. 
A direction desirable for the increase in the carry, such 
as direction A in Fig. 6, is found out based on the initial 
ballistic characteristics of the golf ball struck by a 
golfer and the ratio between the equivalent crown rigidity 
and the equivalent sole rigidity is set using the held 
characteristic data so that the shift in the found-out 
direction may be effected. The members that conform to the 
set ratio are employed as the outer shell member whose 
surface area constitutes 5% or more of the total surface 
area of the crown portion and the outer shell member whose 
surface area constitutes 5% or more of the total surface 
area of the sole portion and arranged in the regions of the 
crown portion and the sole portion, each located along the 
connecting edge of the relevant portion connecting to the 
face portion and within 50 mm of the connecting edge, 
respectively . 

The above designing method can be followed by 
computer. 
[0036] 

In this respect, the characteristic data differs 
according to the head speed, as shown in Figs. 3(a) to (c), 
Figs. 4(a) to (c), and Figs. 5(a) to (c). Therefore, in 
order to quantitatively determine the ratio between the 
equivalent crown rigidity and the equivalent sole rigidity 
to thereby ensure an increase in the carry, it is 
preferable to set the ratio between the equivalent crown 
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rigidity and the equivalent sole rigidity according to the 
head speed. 

By using the method of designing a hollow golf club 
head as above, a custom-made golf club head can be provided 
by setting the ratio between the equivalent crown rigidity 
and the equivalent sole rigidity in accordance with the 
initial ballistic characteristics of the golf ball struck 
by a specified golfer. Golf clubs that are designed by 
setting the ratio between the equivalent crown rigidity and 
the equivalent sole rigidity in accordance with such 
initial ballistic characteristics of a golf ball as 
presumed can also be brought to market. 

[0037] 
[Example A] 

The carry of a golf ball was measured using the golf 
club of the present invention to examine the effects with 
respect to the ratio of the equivalent crown rigidity to 
the equivalent sole rigidity. 

Various golf clubs (Examples 1 to 5 and Comparative 
Examples 1 and 2) were fabricated by using the hollow golf 
club head shown in Fig. 1 as the hollow golf club head of 
the present invention. The ratio of the equivalent crown 
rigidity to the equivalent sole rigidity was differed from 
head to head by changing the equivalent crown rigidity as 
shown in Table 3 below. 

For the crown member 18, the composite material which 
comprises a plurality of laminated layers of a carbon fiber 
reinforced plastic material containing an epoxy resin as 
the matrix and carbon fibers with an elastic modulus of 24 
x 10 3 (kgf/mm 2 ) as reinforcing fibers, with the orientation 
angle of the carbon fibers being alternated layer by layer, 
was used. The 6-4 titanium alloy shown in Table 2 was used 
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for the side member 20, the sole member 22, and the face 
member 2 4 . 

[0038] 



25 



CD >i <D >i 



> T3 > T3 



(0 CD 
U X3 



Japanese Patent Application No. 2002-355821 



[0039] 

The carry measurement was conducted by performing the 
golf ball-striking test by five golfers as testers on the 
fabricated golf clubs five times repeatedly so as to get 
the average carry for each club. Average carries were 
represented by index numbers based on the average carry of 
Comparative Example 2 as the reference (index number of 
100), with a larger one being represented by a larger 
number . 

The index numbers of the average carries are set forth 
in Table 3 as the measurement results. It can be seen from 
the measurement results that the average carry increased 
greatly when the ratio of the equivalent crown rigidity to 
the equivalent sole rigidity was equal to or less than 0.75 

(Example 5 as compared with Comparative Example 1), and 
that the average carry increased even further when the 
ratio was equal to or less than 0.5 (Example 3 as compared 
with Example 4) . 
[0040] 

[Example B] 

The carry of a golf ball was again measured using the 
golf club of the present invention to examine the effects 
with respect to the ratio (%) of the surface area of the 
first region of the crown portion to the total surface area 
of the crown portion, with the first region allowing the 
ratio of the equivalent crown rigidity to the equivalent 
sole rigidity of 0.5 or less (of 0.4). Specifically, such 
examination was conducted by variously changing the first 
region of the crown portion allowing the ratio of the 
equivalent crown rigidity to the equivalent sole rigidity 
of 0.4 in surface area, thus causing the above ratio of its 
surface area to vary. The first region was in a region of 
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the crown portion located within 50 mm of the connecting 
edge of the portion connecting to the face portion. 

The member used in the first region of the crown 
portion was composed of a carbon fiber reinforced plastic 
material containing an epoxy resin as the matrix and carbon 
fibers with an elastic modulus of 24 x 10 3 (kgf/mm 2 ) as 
reinforcing fibers and had an eguivalent crown rigidity of 
45.2 (GPa-mm). The 6-4 titanium alloy shown in Table 2 was 
used for the members in the sole portion, the face portion, 
and the side portion, as well as the crown portion other 
than the first region. The equivalent sole rigidity was 
113 (GPa-mm) . 

As shown in Table 4 below, the ratio of the surface 
area of the first region to the total surface, area of the 
crown portion was changed from 3 to 70% (Examples 6 to 10 
and Comparative Examples 3 and 4), and changes in the carry 
were examined. 

[0041] 

[Table 4] 
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[0042] 

The carry measurement was conducted by performing the 
golf ball-striking test by five golfers as testers on the 
fabricated golf clubs five times repeatedly so as to get 
the average carry for each club. Average carries were 
represented by index numbers based on the average carry of 
Comparative Example 2 as the reference (index number of 
100), with a larger one being represented by a larger 
number . 

The index numbers of the average carries are set 
forth in Table 4 as the measurement results. It can be 
seen from the measurement results that the increase in 
the average carry was small when the surface area ratio 
was equal to or less than 4% {Comparative Examples 3 and 
4), while the average carry increased greatly when the 
surface area ratio was equal to or greater than 5%, with 
a value of 5% as the threshold. In particular, it can be 
seen that the average carry increased even further when 
the surface area ratio was equal to or greater than 10%. 

Effects of the present invention become apparent from 
Examples A and B described above. 

[0043] 

The golf club of the present invention and the method 
of designing a hollow golf club head of the present 
invention are described in detail above. However, the 
present invention is not limited to the embodiments 
described above. Various types of improvements and 
modifications may of course be made without departing from 
the gist of the present invention. 

[0044] 

[Effects of the Invention] 

As described in detail above, the present invention 
can increase the carry of a golf ball based on a technique 
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other than conventional ones such as adjustment of the 
loft angle and reduction in the thickness of the striking 
surface because, according to the present invention, the 
ratio of either lower of the equivalent crown rigidity and 
the equivalent sole rigidity to the higher is equal to or 
less than 0.75 so that it is possible to, for instance, 
decrease the backspin rate and increase the launch angle. 
The present invention also makes it possible to design a 
golf club head possessing such features as above. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[FIG. 1] This is an exploded perspective view 
schematically showing a golf club as an embodiment of the 
golf club of the present invention. 

[FIG. 2] (a) and (b) are diagrams clearly explaining 
the deformation caused when a golf ball is struck with the 
golf club. 

[FIG. 3] (a) to (c) are diagrams that show changes 
in the backspin rate of a golf ball with respect to 
changes in equivalent crown rigidity. 

[FIG. 4] (a) to (c) are diagrams that show changes 
in the launch angle of a golf ball with respect to changes 
in equivalent crown rigidity. 

[FIG. 5] (a) to (c) are diagrams that show changes 
in the initial velocity of a golf ball with respect to 
changes In equivalent crown rigidity. 

[FIG. 6] This is a diagram representing changes in 
the carry of a golf ball according to the backspin rate 
and the launch angle, which are initial ballistic 
characteristics of a golf ball. 
[Legend] 

10 golf club 

12 golf club shaft 

14 golf club head 
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[FIG. 3] 
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[FIG. 4] 
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[FIG. 6] 
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[TYPE OF THE DOCUMENT ] Abstract 
[ABSTRACT] 

[Object] To provide a golf club with a hollow golf 
club head capable of increasing the carry of a golf ball 
based on a technique for increasing the carry of a golf 
ball other than conventional ones such as adjustment of the 
loft angle and reduction in the thickness of the striking 
surface, and to provide a method of designing such a hollow 
golf club head as well 

[Means for Solution] The hollow golf club head 14 has 
a crown member 18 and a sole member 22. When an product of 
an elastic modulus of the crown member 18 and a thickness 
of the crown member 18 is taken as a crown equivalent 
rigidity and a product of an elastic modulus of the sole 
member 22 and a thickness of the sole member 22 is taken as 
a sole equivalent rigidity, a ratio of either lower of the 
crown equivalent rigidity and the sole equivalent rigidity 
to the higher is equal to or less than 0.75. 

[Selected Drawing] Fig. 1 
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